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FIG. 7

START

ACQUIRE RECEPTION SIGNAL BY SEQUENTIALLY | _
DRIVING ALL OF ULTRASONIC VIBRATORS

DETECT ABNORMALITY ON BASIS OF
RECEPTION SIGNALS FROM RESPECTIVE 39
ULTRASONIC VIBRATORS AND
OUTPUT DETEGTED ABNORMALITY INFORMATION

STORE ABNORMALITY OCCURRENCE NUMBER
IN ASSOCIATION WITH TIME INFORMATION S3
AND IDENTIFICATION INFORMATION

PREDICT FAILURE TIMING ON BASIS OF 34
STORED ABNORMALITY LOG INFORMATION

PERFORM NOTIFICATION PROCESS S5
BASED ON PREDICTION RESULT



U.S. Patent Apr. 18,2023 Sheet 8 of 14 US 11,627,945 B2

FIG. 8
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FIG. 12

START

SEQUENTIALLY ACQUIRE RECEPTION SIGNAL
FROM RESPECTIVE ULTRASONIC VIBRATORS 311
IN STATE WHERE ULTRASONIC WAVES
ARE NOT TRANSMITTED

DETECT ABNORMALITY (NOISE OCCURRENCE)
OF ULTRASONIC ENDOSCOPE APPARATUS 512
ON BASIS OF RECEPTION SIGNAL

STORE ABNORMALITY INFORMATION

(NUMBER OF RECEPTION SIGNALS INCLUDING SIGNAL) 313
IN ASSOCIATION WITH TIME INFORMATION
AND IDENTIFICATION INFORMATION

PREDICT FAILURE TIMING ON BASIS OF 14
STORED ABNORMALITY LOG INFORMATION

PERFORM NOTIFICATION PROGESS 315
BASED ON PREDICTION RESULT
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FIG. 15

START

SEQUENTIALLY ACQUIRE REGEPTION SIGNAL
FROM RESPECTIVE ULTRASONIC VIBRATORS 91
IN STATE WHERE ULTRASONIC WAVES
ARE NOT TRANSMITTED

CALCULATE AVERAGE LEVEL OF

ALL RECEPTION SIGNALS AND DETECT ABNORMALITY | oy
OF ULTRASONIC ENDOSCOPE APPARATUS

ON BASIS OF AVERAGE LEVEL

STORE ABNORMALITY INFORMATION
(AVERAGE LEVEL OF ALL RECEPTION SIGNALS 393

OF ULTRASONIC VIBRATORS) IN ASSOCIATION WITH
TIME INFORMATION AND IDENTIFICATION INFORMATION

PREDICT FAILURE TIMING ON BASIS OF 394
STORED ABNORMALITY LOG INFORMATION

PERFORM NOTIFICATION PROCESS 395
BASED ON PREDICTION RESULT

END
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FAILURE PREDICTION SYSTEM OF
ULTRASONIC ENDOSCOPE APPARATUS,
FAILURE PREDICTION METHOD OF
ULTRASONIC ENDOSCOPE APPARATUS,
AND FAILURE PREDICTION PROGRAM OF
ULTRASONIC ENDOSCOPE APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C. §
119 to Japanese Patent Application No. 2019-016088, filed
on Jan. 31, 2019. Each of the above application(s) 1s hereby
expressly incorporated by reference, 1n 1ts entirety, into the
present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a failure prediction sys-
tem of an ultrasonic endoscope apparatus, a failure predic-
tion method of the ultrasonic endoscope apparatus, and a
non-transitory computer readable recording medium storing,
a Tailure prediction program of the ultrasonic endoscope
apparatus.

2. Description of the Related Art

An ultrasonic diagnosis apparatus that respectively drives
a plurality of ultrasonic wvibrators inside a subject (for
example, a patient’s body) and transmits and receives ultra-
sonic waves to acquire an ultrasound image inside the

subject 1s already known (for example, see JP2009-285175A
and JP1994-269452A  (JP-H06-2694352A)), JP2009-
285175A and JP1994-269452 A (JP-HO06-269452 A) disclose
such an ultrasonic endoscope apparatus. The apparatus dis-
closed 1 JP2009-285175A and JP1994-269452 A (IP-HO6-

269452 A) performs abnormality detection such as discon-
nection on the basis of a reception signal of an ultrasonic
vibrator 1n a case where ultrasonic waves are transmitted
from the ultrasonic vibrator.

SUMMARY OF THE INVENTION

The ultrasonic endoscope apparatus includes an ultrasonic
endoscope and a main body to which the ultrasonic endo-
scope 1s connected. Since the ultrasonic endoscope 1s expen-
sive, 1t 1s desirable to be able to predict a failure timing
betore a serious failure occurs. Further, since the main body
1s also expensive and the main body 1s not easily replace-
able, 1t 1s desirable to be able to predict a failure timing
before a serious failure occurs, in the main body.

The abnormality detection method disclosed m JP2009-
2851754 and JP1994-269452A (IP-H06-2694352A) per-
forms abnormality detection based on a reception signal
measured at a specific timing. Accordingly, 1n a case where
a serious failure occurs at the specific timing, the failure can
be detected. However, 1n a state where such a failure does
not occur, 1t 1s not possible to predict a failure occurrence
timing in the future.

In consideration of the above-mentioned problems, an
object of the invention 1s to provide a failure prediction
system of an ultrasonic endoscope apparatus, a failure
prediction method of the ultrasonic endoscope apparatus,
and a non-transitory computer readable recording medium
storing a failure prediction program of the ultrasonic endo-
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2

scope apparatus capable of predicting a failure occurrence
timing in the ultrasonic endoscope apparatus.

According to an aspect of the invention, there 1s provided
a failure prediction system of an ultrasonic endoscope
apparatus comprising: an abnormality detection umt that
acquires a reception signal of an ultrasonic vibrator of an
ultrasonic endoscope and detects an abnormality of the
ultrasonic endoscope apparatus including the ultrasonic
endoscope on the basis of the reception signal; a storage
control unit that stores information on the abnormality
detected by the abnormality detection unit 1n association
with time information; and a failure prediction unit that
predicts a failure timing of the ultrasonic endoscope appa-
ratus on the basis of a plurality of pieces of the abnormality
information stored by the storage control unit and the time
information corresponding to the plurality of pieces of
abnormality information.

According to another aspect of the invention, there is
provided a failure prediction method of an ultrasonic endo-
scope apparatus, comprising: an abnormality detection step
ol acquiring a reception signal of an ultrasonic vibrator of an
ultrasonic endoscope and detecting an abnormality of the
ultrasonic endoscope apparatus including the ultrasonic
endoscope on the basis of the reception signal; a storage
control step of storing iformation on the abnormality
detected 1n the abnormality detection step in association
with time information; and a failure prediction step of
predicting a failure timing of the ultrasonic endoscope
apparatus on the basis of a plurality of pieces of the
abnormality information stored in the storage control step
and the time information corresponding to the plurality of
pieces of abnormality information.

According to still another aspect of the invention, there 1s
provided a non-transitory computer readable recording
medium storing a failure prediction program of an ultrasonic
endoscope apparatus, for causing a computer to execute: an
abnormality detection step of acquiring a reception signal of
an ultrasonic vibrator of an ultrasonic endoscope and detect-
ing an abnormality of the ultrasonic endoscope apparatus
including the ultrasonic endoscope on the basis of the
reception signal; a storage control step of storing informa-
tion on the abnormality detected in the abnormality detec-
tion step 1n association with time information; and a failure
prediction step of predicting a failure timing of the ultra-
sonic endoscope apparatus on the basis of a plurality of
pieces ol the abnormality information stored 1n the storage
control step and the time information corresponding to the
plurality of pieces of abnormality information.

According to the mvention, 1t 1s possible to provide a
failure prediction system of an ultrasonic endoscope appa-
ratus, a failure prediction method of the ultrasonic endo-
scope apparatus, and a non-transitory computer readable
recording medium storing a failure prediction program of
the ultrasonic endoscope apparatus capable of predicting a
failure occurrence timing 1n the ultrasonic endoscope appa-
ratus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing a schematic configuration of
an ultrasonic endoscope apparatus 10.

FIG. 2 15 an enlarged plan view showing a distal end part
of an sertion part 22 of an ultrasonic endoscope 12 and the
vicinity thereof.

FIG. 3 1s a diagram showing a cross section of a distal end
part 40 of the insertion part 22 of the ultrasonic endoscope
12, taken along a section I-I shown in FIG. 2.
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FIG. 4 1s a block diagram showing a configuration of the
ultrasonic endoscope 12 and an ultrasonic processor device

14.

FIG. 5 1s a diagram showing functional blocks of a system
controller 152.

FIG. 6 1s a graph showing an example of abnormality log
information corresponding to unspecified 1dentification
information,

FIG. 7 1s a flowchart for illustrating an operation of a
tailure prediction process of the system controller 152.

FIG. 8 1s a diagram showing functional blocks of the
system controller 152 in the ultrasonic endoscope apparatus
10 according to a first modification example.

FIG. 9 1s a diagram showing an example of a reception
signal acquired 1n a case where ultrasonic waves are not
transmitted.

FIG. 10 1s a diagram showing an example of a case where
noise 1s superimposed 1n a reception signal acquired 1n a
case where ultrasonic waves are not transmitted.

FIG. 11 1s a graph showing an example of abnormality log
information corresponding to unspecified i1dentification
information.

FIG. 12 1s a flowchart for illustrating an operation of the
fallure prediction process of the system controller 152
shown 1n FIG. 8.

FIG. 13 1s a diagram showing an example of a reception
signal acquired in a case where ultrasonic waves are not
transmitted,

FI1G. 14 1s a graph showing an example of abnormality log
information corresponding to unspecified i1dentification
information.

FIG. 15 1s a flowchart for illustrating a failure prediction
process of the system controller 152 1n an ultrasonic endo-
scope apparatus 10 according to a second modification
example.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Overview of Ultrasonic Diagnosis Apparatus

An outline of an ultrasonic endoscope apparatus 10
including a failure prediction system according to an
embodiment of the invention will be described with refer-
ence to FIGS. 1 to 4. FIG. 1 1s a diagram showing a
schematic configuration of the ultrasonic endoscope appa-
ratus 10, FIG. 2 1s an enlarged plan view of a distal end part
of an msertion part 22 of an ultrasonic endoscope 12 and the
vicinity thereot. In FIG. 2, for ease of illustration, a balloon
377 to be described later 1s shown by a broken line. FIG. 3 1s
a diagram showing a cross section of a distal end part 40 of
the msertion part 22 of the ultrasonic endoscope 12, taken
along a section I-I shown i FIG. 2. FIG. 4 1s a block
diagram showing a configuration of the ultrasonic endo-
scope 12 and the ultrasonic processor device 14.

The ultrasonic endoscope apparatus 10 1s used for observ-
ing a state of an observation target portion in the body of a
patient that 1s a subject using ultrasonic waves (hereinaftter,
referred to as ultrasonic diagnosis). Here, the observation
target portion 1s a portion that 1s diflicult to 1nspect from a
body surface (outside) of the patient, which 1s the gallblad-
der or pancreas, for example. By using the ultrasonic endo-
scope apparatus 10, a state of the observation target portion
and the presence or absence of an abnormality thereof may
be ultrasonically diagnosed through the digestive tract such
as the esophagus, stomach, duodenum, small intestine, and
large intestine that are body cavities of the patient.
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As shown 1n FIG. 1, the ultrasonic endoscope apparatus
10 1includes the ultrasonic endoscope 12, an ultrasonic
processor device 14, an endoscope processor device 16, a
light source device 18, a monitor 20, and a console 100.
Further, as shown i1n FIG. 1, a water supply tank 21a, a
suction pump 215, and an air supply pump 21c¢ are provided
as accessory devices of the ultrasonic endoscope apparatus
10. Further, a pipeline (not shown) that serves as a tlow path
for water and gas 1s formed 1n the ultrasonic endoscope 12.
The ultrasonic processor device 14, the endoscope processor
device 16, and the light source device 18 configure a main
body of the ultrasonic endoscope apparatus 10.

As shown 1n FIG. 1, the ultrasonic endoscope 12 includes
an isertion part 22 that 1s inserted into a body cavity of a
patient, and an operation part 24 that 1s operated by an
operator (user) such as a doctor or a technician. Further, as
shown 1n FIGS. 2 and 3, an ultrasonic vibrator unit 46
including a plurality of ultrasonic vibrators 48 1s attached to
a distal end part 40 of the insertion part 22.

With the function of the ultrasonic endoscope 12, the
operator may acquire an endoscope 1mage ol an mner wall
of the body cavity of the patient and an ultrasound 1mage of
the observation target portion. The endoscope 1mage 1s an
image obtained by imaging the inner wall of the body cavity
of the patient using an optical technique. The ultrasound
image 1s an 1mage obtained by receiving retlected waves
(echoes) of ultrasonic waves transmitted from the body
cavity of the patient toward the observation target portion
and 1maging a reception signal thereof.

The ultrasonic processor device 14 1s connected to the
ultrasonic endoscope 12 through a universal cord 26 and an
ultrasound connector 32a provided at an end part thereot, as
shown 1n FIG. 1. The ultrasonic processor device 14 controls
the ultrasonic vibrator unit 46 of the ultrasonic endoscope 12
to transmit ultrasonic waves to the ultrasonic vibrator unit
46. Further, the ultrasonic processor device 14 images a
reception signal 1n a case where the ultrasonic vibrator unit
46 receives retlected waves (echoes) of ultrasonic waves to
generate an ultrasound 1mage.

As shown 1n FIG. 1, the endoscope processor device 16 1s
connected to the ultrasonic endoscope 12 through the uni-
versal cord 26 and an endoscope connector 325 provided at
an end part of the universal cord 26. The endoscope pro-
cessor device 16 acquires 1mage data of an observation
target adjacent portion 1maged by the ultrasonic endoscope
12 (specifically, an imaging clement 86 to be described
later), and performs predetermined 1mage processing with
respect to the acquired 1image data to generate an endoscope
image. The observation target adjacent portion 1s a portion
of the mner wall of the body cavity of the patient, which 1s
adjacent to the observation target portion.

As shown m FIG. 1, the light source device 18 1is
connected to the ultrasonic endoscope 12 through the uni-
versal cord 26 and a light source connector 32¢ provided at
the end part thereotf. The light source device 18 emits white
light, formed of three primary colors of red light, green light
and blue light, or specific wavelength light 1n 1maging the
observation target adjacent portion using the ultrasonic
endoscope 12. The light emitted from the light source device
18 propagates 1n the ultrasonic endoscope 12 through a light
guide (not shown) included in the universal cord 26, and
then, 1s emitted from the ultrasomic endoscope 12 (specifi-
cally, an 1llumination window 88 to be described later).
Thus, the observation target adjacent portion 1s 1lluminated
by the light from the light source device 18.

In this embodiment, the ultrasonic processor device 14
and the endoscope processor device 16 are configured by
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two devices (computers) that are separately provided. How-
ever, the mvention 1s not limited to this configuration, and
both the ultrasonic processor device 14 and the endoscope
processor device 16 may be configured by a single device.

As shown 1n FIG. 1, the monitor 20 1s connected to the
ultrasonic processor device 14 and the endoscope processor
device 16, and displays an ultrasound image generated by
the ultrasonic processor device 14 and an endoscope 1mage
generated by the endoscope processor device 16. Regarding
the display of the ultrasound image and the endoscope
image, either one of the images may be switched and
displayed on the monitor 20, or both the images may be
simultaneously displayed. Further, a configuration 1n which
the display methods are able to be discretionally selected or
changed may be used.

In this embodiment, the ultrasound 1mage and the endo-
scope 1mage are displayed on one monitor 20, but an
ultrasound 1mage display monitor and an endoscope image
display monitor may be separately provided. Further, a
display form other than the monitor 20 may be used. For
example, a form in which an ultrasound image and an
endoscope 1mage are displayed on a display of a personal
terminal carried by an operator may be used.

The console 100 1s an input device provided for an
operator to mput information necessary for ultrasonic diag-
nosis or for an operator to instruct the ultrasonic processor
device 14 to start the ultrasonic diagnosis. The console 100
includes, for example, a keyboard, a mouse, a trackball, a
touch pad, a touch panel, and the like, and 1s connected to
a system controller 152 of the ultrasonic processor device 14
as shown 1 FIG. 4. In a case where the console 100 1is
operated, the system controller 152 of the ultrasonic pro-
cessor device 14 controls each part of the device (for
example, a reception circuit 142 and a transmission circuit
144 to be described later) according to the operation content.

The ultrasonic endoscope apparatus 10 configured as
described above performs initialization for activation 1n a
case where electric power 1s supplied. In a case where the
ultrasonic endoscope 12 1s connected to the main body at the
same time as the electric power 1s supplied, the system
controller 152 of the ultrasonic processor device 14 operates
the ultrasonic endoscope 12 aifter the imitialization to pro-
ceed to a live mode. The live mode 1s a mode for sequen-
tially displaying (real-time display) ultrasound images (mo-
tion pictures) obtained at a predetermined frame rate. In a
case where the ultrasonic endoscope 12 1s not connected to
the main body at a time point when the electric power 1s
supplied, the system controller 152 of the ultrasonic proces-
sor device 14 operates the ultrasonic endoscope 12 at a time
point when the ultrasonic endoscope 12 1s connected thereto
after the mitialization to proceed to the live mode. In a state
where the ultrasonic endoscope 12 1s connected to the main
body, 1t 1s possible to start the live mode at an unspecified
timing (for example, a timing for starting inspection of a
subject (a timing immediately before the ultrasonic endo-
scope 12 1s mnserted 1nto the body cavity) by operating the
console 100.

In the ultrasonic endoscope apparatus 10, at an unspeci-
fied timing 1n a period during which the ultrasonic endo-
scope 12 1s not mserted into the body cavity 1n a state where
the ultrasonic endoscope 12 1s connected to the main body
(in other words, in a period during which the ultrasonic
endoscope 12 1s not used), the ultrasonic processor device 14
performs a failure prediction process for predicting a failure
of the ultrasonic endoscope apparatus 10. The failure pre-
diction process will be described later.
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The period during which the ultrasonic endoscope 12 1s
not used may be determined as follows, for example, 1) A
period until an mspection starting instruction 1s performed
by operating the console 100 after electric power 1s supplied
1s determined as the period during which the ultrasonic
endoscope 12 1s not used. 2) A period during Which a change
in an endoscope 1image acquired from the ultrasonic endo-
scope 12 1s small after electric power 1s supplied 1s deter-
mined as the period during which the ultrasonic endoscope
12 1s not used. 3) A motion sensor such as an acceleration
sensor 1s provided in the ultrasonic endoscope 12, and a
period during which the amount of motion of the ultrasonic
endoscope 12 1s smaller than a predetermined value 1is
determined as the period during which the ultrasonic endo-
scope 12 1s not used. 4) A maintenance mode 1s provided 1n
the ultrasonic endoscope apparatus 10, and a period during
which the ultrasonic endoscope apparatus 10 1s set to the
maintenance mode 1s determined as the period during which
the ultrasonic endoscope 12 1s not used.

Configuration of Ultrasonic Endoscope

Next, a configuration of the ultrasonic endoscope 12 will
be described with reference to FIGS. 1 to 4. The ultrasonic
endoscope 12 includes the msertion part 22 and the opera-
tion part 24 as shown in FIG. 1. As shown in FIG. 1, the
insertion part 22 includes the distal end part 40, a bending
part 42, and a flexible part 43 i order from the distal end
side (free end side). As shown 1n FIG. 2, the distal end part
40 1s provided with an ultrasound observation part 36 and an
endoscope observation part 38.

Further, as shown 1n FIGS. 2 and 3, the distal end part 40
1s provided with a treatment instrument outlet 44. The
treatment 1nstrument outlet 44 serves as an outlet of a
treatment istrument (not shown) such as a pair of forceps,
a puncture needle, or a high-frequency knife, and also serves
as a suction port for sucking a sucked substance such as
blood and filth 1n the body.

Further, as shown 1n FIG. 2, a cleaning nozzle 90 formed
to clean surfaces of an observation window 82 and an
illumination window 88 1s provided at the distal end part 40.
Air or cleaning liquid 1s ejected from the cleaning nozzle 90
toward the observation window 82 and the illumination
window 88.

Further, as shown 1n FIGS. 1 and 2, a balloon 37 that 1s
able to be intlated and deflated 1s attached to the distal end
part 40 at a position where the ultrasonic vibrator unit 46 1s
covered. The balloon 37 1s disposed 1n the body cavity of the
patient together with the ultrasonic vibrator unit 46. Then,
water (specifically, de-aired water) as an ultrasonic trans-
mission medium 1s mjected into the balloon 37 from a water
supply port 47 formed in the vicinity of the ultrasonic
vibrator unit 46 at the distal end part 40, and thus, the
balloon 37 1s inflated. In a case where the inflated balloon 37
comes 1nto contact with the inner wall of the body cavity ({or
example, around the observation target adjacent portion), air
1s excluded from between the ultrasonic vibrator unit 46 and
the mner wall of the body cavity. Thus, 1t 1s possible to
prevent attenuation of ultrasonic waves and their retlected
waves (echoes) 1n the air.

As shown 1n FIG. 1, the bending part 42 1s a part provided
on a proximal end side (a side opposite to the side where the
ultrasonic vibrator umt 46 1s provided) with reference to the
distal end part 40 1n the mnsertion part 22, which 1s able to
be freely bent. As shown 1n FIG. 1, the flexible part 43 15 a
part that connects the bending part 42 and the operation part
24, has tlexibility, and 1s provided 1n an elongated state.

As shown 1n FIG. 1, the operation part 24 1s provided with
a pair of angle knobs 29 and a treatment instrument 1insertion
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port 30. In a case where each angle knob 29 1s rotated, the
bending part 42 i1s remotely operated to be bent and
deformed. By this deformation operation, the distal end part
40 of the insertion part 22 provided with the ultrasound
observation part 36 and the endoscope observation part 38
may be directed 1n a desired direction. The treatment instru-
ment insertion port 30 1s a hole formed for insertion of a
treatment mstrument such as a pair of forceps, and commu-
nicates with the treatment mstrument outlet 44 through a
treatment nstrument channel 435 (see FIG. 3).

As shown 1n FIG. 1, the operation part 24 1s provided with
an air/water supply button 28a for opening or closing an
air/water supply pipeline (not shown) that extends from a
water supply tank 21a, and a suction button 285 for opening
or closing a suction line (not shown) that extends from a
suction pump 21b. A gas such as air sent from an air supply
pump 21c and water in the water supply tank 21a flow
through the air/water supply pipeline. In a case where the
air/water supply button 28a 1s operated, a part to be opened
of the air/water supply pipeline 1s switched, and gas and
water ejecting outlets are also switched 1n a corresponding,
form between the cleaning nozzle 90 and the water supply
port 47. That 1s, through the operation of the air/water supply
button 284, the cleaming of the endoscope observation part
38 and the inflation of the balloon 37 may be selectively
performed.

The suction line 1s provided for sucking a sucked sub-
stance 1n the body cavity sucked from the cleaning nozzle 90
or for sucking the water in the balloon 37 through the water
supply port 47. In a case where the suction button 285 1s
operated, a portion to be opened of the suction line 1is
switched, and the suction port 1s also switched in a corre-
sponding form between the cleaning nozzle 90 and the water
supply port 47. That 1s, an object sucked by the suction
pump 215 may be switched through the operation of the
suction button 28b.

As shown 1n FIG. 1, at the other end of the universal cord
26, the ultrasound connector 32a connected to the ultrasonic
processor device 14, the endoscope connector 325 con-
nected to the endoscope processor device 16, and the light
source connector 32¢ connected to the light source device 18
are provided. The ultrasonic endoscope 12 1s detachably
connected to the ultrasonic processor device 14, the endo-
scope processor device 16, and the light source device 18
through the connectors 32a, 3256, and 32c¢, respectively.

Next, among the components of the ultrasonic endoscope
12, the ultrasound observation part 36 and the endoscope
observation part 38 will be described 1n detail.

Ultrasound Observation Part

The ultrasound observation part 36 1s a part provided for
acquiring an ultrasound 1mage, and 1s disposed on the distal
end side 1n the distal end part 40 of the 1nsertion part 22 as
shown 1n FIGS. 2 and 3. As shown 1n FIG. 3, the ultrasound
observation part 36 includes the ultrasonic vibrator unit 46,
a plurality of coaxial cables 56, and a flexible printed circuit
(FPC) 60.

As shown 1n FIG. 3, the ultrasonic vibrator unit 46 1s a
convex probe 1n which a plurality of ultrasonic vibrators 48
are arranged 1n an arc shape, and transmits ultrasonic waves
in a radial shape (arc shape). However, the type (model) of

the ultrasonic vibrator unit 46 1s not particularly limited, and
may be any other type that can transmit and receive ultra-
sonic waves, for example, a sector type, a linear type, a
radial type, and the like.
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As shown 1in FIG. 3, the ultrasonic vibrator unit 46 1s
configured by laminating a backing material layer 54, an
ultrasonic vibrator array 50, an acoustic matching layer 76,
and an acoustic lens 78.

As shown 1n FIG. 3, the ultrasonic vibrator array 350 1is
configured of a plurality of ultrasonic vibrators 48 (ultra-
sonic transducers) that are arranged in a one-dimensional
array shape. More specifically, the ultrasonic vibrator array
50 has a configuration 1 which N (for example, N=128)
ultrasonic vibrators 48 are arranged in a convexly curved
shape along an axial direction of the distal end part 40
(longitudinal axis direction of the insertion part at equal
intervals. The ultrasonic vibrator array 50 may have a
configuration in which the plurality of ultrasonic vibrators
48 are arranged in a two-dimensional array shape.

Each of the N ultrasonic vibrators 48 1s configured by
disposing electrodes on both surfaces of a single crystal
vibrator that 1s a piezoelectric element.

As the single crystal vibrator, any one of quartz, lithium
niobate, lead magnesium niobate (PMN), lead zinc niobate
(PZN), lead indium niobate (PIN), lead titanate (PT), lithium
tantalate, langasite, or zinc oxide may be used. The elec-
trodes include individual electrodes (not shown) that are
individually provided for each of the plurality of ultrasonic
vibrators 48 and a ground electrode (not shown) common to
the plurality of ultrasonic vibrators 48. Further, the elec-
trodes are electrically connected to the ultrasonic processor
device 14 through the coaxial cable 56 and the FPC 60.

Each ultrasonic vibrator 48 is supplied with a pulsed drnive
voltage as an input signal from the ultrasonic processor
device 14 through the coaxial cable 56. In a case where the
drive voltage 1s applied to the electrodes of the ultrasonic
vibrator 48, the piezoelectric element expands and contracts,
so that the ultrasonic vibrator 48 1s driven (vibrated). As a
result, pulsed ultrasonic waves are output from the ultra-
sonic vibrator 48.

Further, in a case where each ultrasonic vibrator 48
receives reflected waves of ultrasonic wave (echoes) or the
like, the ultrasonic vibrator 48 vibrates (is driven) 1n accor-
dance with the reflected waves, and the piezoelectric ele-
ment of each ultrasonic vibrator 48 generates an electrical
signal. The electric signal 1s output as a reception signal
from each ultrasonic vibrator 48 toward the ultrasonic
processor device 14.

As described above, the ultrasonic vibrator unit 46 of the
present embodiment 1s a convex type. In other words, 1n this
embodiment, the N ultrasonic vibrators 48 included in the
ultrasonic vibrator unit 46 are sequentially driven by an
clectronic switch such as a multiplexer 140, so that the
ultrasonic waves are scanned within a scanming range along
a curved surface on which the ultrasonic vibrator array 50 1s
disposed, for example, a range of about several tens of
millimeters from the center of curvature of the curved
surface.

As shown in FIG. 3, the backing material layer 54
supports the ultrasonic vibrator array 50 from the back side
(the side opposite to the acoustic matching layer 76). Fur-
ther, the backing material layer 54 has a function of attenu-
ating ultrasonic waves propagated toward the hack side of
the ultrasonic vibrator array 50 among the ultrasonic waves
emitted from the ultrasonic vibrator 48 or the ultrasonic
waves (echoes) reflected from the observation target portion.
A backing material 1s made of a material having rigidity such
as hard rubber, in which an appropriate amount of an
ultrasonic attenuating material (such as ferrite and ceramics)

1s added.



US 11,627,945 B2

9

The acoustic matching layer 76 1s provided to achieve
acoustic impedance matching between the patient’s body
and a drive target vibrator. The acoustic matching layer 76
1s disposed outside the ultrasonic vibrator array 50 (that 1s,
the plurality of ultrasonic vibrators 48), and strictly speak-
ing, 1s superimposed on the ultrasonic vibrator array 350 as
shown 1n FIG. 3. By providing the acoustic matching layer
76, 1t 1s possible to increase transmittance of ultrasonic
waves. As a material of the acoustic matching layer 76,
various organic materials of which an acoustic impedance
value 1s closer to that of the patient’s body compared with
the piezoelectric element of the ultrasonic vibrator 48 may
be used. As the material of the acoustic matching layer 76,
specifically, epoxy resin, silicone rubber, polyimide, poly-
cthylene, and the like may be used.

The acoustic lens 78 1s provided to converge ultrasonic
waves emitted from the drive target vibrator toward the
observation target portion, and 1s superimposed on the
acoustic matching layer 76 as shown in FIG. 3. The acoustic
lens 78 1s made of, for example, a silicone resin (minable
silicone rubber (HTV rubber), liquid silicone rubber (RTV
rubber), or the like), a butadiene resin, a polyurethane resin,
or the like, and powder of titamium oxide, alumina, silica, or
the like may be mixed as necessary.

The FPC 60 1s electrically connected to the electrodes
provided in each ultrasonic vibrator 48. As shown in FIG. 3,
cach of the plurality of coaxial cables 56 1s wired to the FPC
60 at one end thereofl. In a case where the ultrasonic
endoscope 12 1s connected to the ultrasonic processor device
14 through the ultrasound connector 324, each coaxial cable
56 1s electrically connected to the ultrasonic processor
device 14 at the other end thereof (on the side opposite to the
FPC 60).

Endoscope Observation Part

The endoscope observation part 38 1s a part provided for
acquiring an endoscope 1mage, and 1s disposed on a base end
side with reference to the ultrasound observation part 36, 1n
the distal end part 40 of the insertion part 22, as shown in
FIGS. 2 and 3. As shown 1n FIGS. 2 and 3, the endoscope
observation part 38 includes the observation window 82, an
objective lens 84, the imaging element 86, the illumination
window 88, the cleaning nozzle 90, a wiring cable 92, and
the like.

As shown in FIG. 3, the observation window 82 1s
provided 1n a state of being inclined with respect to the axial
direction (longitudinal axis direction of the insertion part
22), 1n the distal end part 40 of the insertion part 22. Light
that 1s 1ncident through the observation window 82 and 1s
reflected by the observation target adjacent portion 1s
imaged on an 1maging surface of the imaging element 86 by
the objective lens 84.

The 1maging element 86 photoelectrically converts
reflected light from the observation target adjacent portion
that has passed through the observation window 82 and the
objective lens 84 and 1s 1maged on the 1imaging surface, and
outputs an 1maging signal. As the imaging element 86, a
charge coupled device (CCD), a complementary metal oxide
semiconductor (CMOS), or the like may be used. A captured
image signal output by the imaging element 86 1s transmit-
ted to the endoscope processor device 16 by the universal
cord 26 through the wiring cable 92 that elongates from the
isertion part 22 to the operation part 24.

As shown 1n FIG. 2, the illumination window 88 is
provided on both sides of the observation window 82. An
emission end of a light guide (not shown) 1s connected to the
illumination window 88. The light guide elongates from the
insertion part 22 to the operation part 24, and an incident end
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thereof 1s connected to the light source device 18 connected
through the universal cord 26. Illumination light emaitted
from the light source device 18 travels through the light
guide, and 1s wrradiated from the 1llumination window 88
toward the observation target adjacent portion.

Configuration of Ultrasonic Processor Device

As shown i FIG. 4, the ultrasonic processor device 14
includes the multiplexer 140, a reception circuit 142, a
transmission circuit 144, an A/D converter 146, an 1mage
processing section 148, the system controller 152, and a
display controller 154.

The reception circuit 142 and the transmission circuit 144
are electrically connected to the ultrasonic vibrator array 50
of the ultrasonic endoscope 12 through the multiplexer 140.
The multiplexer 140 selects one or a plurality of ultrasonic
vibrators 48 among N ultrasonic vibrators 48, and opens
channels thereof.

The transmission circuit 144 1s a circuit that supplies a
drive voltage for ultrasonic transmission to the ultrasonic
vibrator 48 seclected by the multiplexer 140 1n order to
transmit ultrasonic waves from the ultrasonic vibrator umit
46. The drive voltage 1s a pulsed voltage signal, and 1is
applied to the electrodes of the ultrasonic vibrator 48 to be
driven through the universal cord 26 and the coaxial cable
56.

The reception circuit 142 1s a circuit that receives an
clectrical signal output from the ultrasonic vibrator 48 that
has received ultrasonic waves (echoes), that 1s, a reception
signal. Further, the reception circuit 142 amplifies the recep-
tion signal received from the ultrasonic vibrator 48 in
accordance with a control signal sent from the system
controller 152, and delivers the amplified signal to the A/D
converter 146. As shown 1n FIG. 4, the A/D converter 146
1s connected to the reception circuit 142, converts a recep-
tion signal recerved from the reception circuit 142 from an
analog signal to a digital signal, and outputs the converted
digital signal to the 1mage processing section 148.

The image processing section 148 1s connected to the A/D
converter 146 as shown 1n FIG. 4, and generates an ultra-
sound 1mage based on a digital reception signal.

As shown 1n FIG. 4, the display controller 154 1s con-
nected to the 1image processing section 148, converts a signal
ol an ultrasound 1mage generated by the 1mage processing
section 148 into an 1image signal based on a scan method of
a normal television signal (raster conversion), performs a
variety of necessary image processing such as gradation
processing on the image signal, and outputs the 1mage signal
to the monitor 20.

The system controller 152 controls each section of the
ultrasonic processor device 14, and 1s connected to the
reception circuit 142, the transmission circuit 144, the A/D
converter 146, and the image processing section 148 as
shown 1n FIG. 4 to control these devices. As shown 1n FIG.
4, the system controller 152 1s connected to the console 100,
and controls each section of the ultrasonic processor device
14 1n accordance with mspection information and control
parameters input from the console 100 in inspecting a
subject. Thus, an ultrasound i1mage corresponding to an
ultrasound 1mage generation mode designated by the opera-
tor 1s acquired, and in particular, in the live mode, the
ultrasound 1mage 1s acquired at a constant frame rate as
needed.

The system controller 152 includes various processors
that execute processing by executing a program, a random
access memory (RAM), and a read only memory (ROM).

The variety of processors 1n this specification may include
a central processing unit (CPU) that 1s a general-purpose
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processor that executes a program to perform a variety of
processing, a programmable logic device (PLD) that 1s a
processor of which a circuit configuration 1s changeable
alter manufacturing, such as a field programmable gate array
(FPGA), a dedicated electric circuit that 1s a processor
having a circuit configuration that 1s dedicatedly designed
for executing a specific process, such as an application
specific integrated circuit (ASIC), or the like. More specifi-
cally, the structures of these various processors are electric
circuits 1n which circuit elements such as semiconductor
clements are combined.

The system controller 152 may be configured by one of
various processors, or may be configured by a combination
of two or more processors of the same type or different types
(for example, a combination of a plurality of FPGAs or a
combination of a CPU and an FPGA).

The system controller 152 performs the above-described
fallure prediction process at an unspecified timing 1n a
period during which the ultrasonic endoscope 12 1s not used
in a state where the ultrasonic endoscope 12 1s connected to
the main body.

FIG. 5 1s a diagram showing functional blocks of the
system controller 152. A processor of the system controller
152 functions as an abnormality detection unit 152A, a
storage control unit 152B, a failure prediction unit 152C,
and a notification control unit 152D by executing a failure
prediction program of the ultrasonic endoscope apparatus. A
fallure prediction process 1s executed by the functional
blocks. In this embodiment, the system controller 152 con-
figures a failure prediction system of the ultrasonic endo-
SCOpe apparatus.

The abnormality detection unit 152A performs a process
of selecting one from the N ultrasonic vibrators 48, trans-
mitting ultrasonic waves from the selected ultrasonic vibra-
tor 48, and acquiring a reception signal of the ultrasonic
vibrator 48 that receives reflected waves of the ultrasonic
waves, with respect to all the ultrasonic vibrators 48 while
sequentially switching the selected ultrasonic vibrator 48.
With this process, a reception signal 1s acquired from each
of the N ultrasonic vibrators 48. The abnormality detection
unit 152A detects an abnormality of the ultrasonic endo-
scope apparatus 10 on the basis of N reception signals
acquired 1n this way.

In this embodiment, the abnormality of the ultrasonic
endoscope apparatus 10 refers to a state where the ultrasonic
vibrator 48 1s deteriorated, a state where a wire that connects
the ultrasonic vibrator 48 and the ultrasonic processor device
14 1s damaged, or the like.

For example, 1n a case where disconnection occurs 1n the
coaxial cable 56, a reception signal of the ultrasonic vibrator
48 connected to the coaxial cable 56 with the disconnection
changes compared with a reception signal of the ultrasonic
vibrator 48 connected to the coaxial cable 56 without
disconnection. Specifically, a period of time taken from the
time when the level of a reception signal reaches a peak to
the time when the level becomes equal to or smaller than a
predetermined value 1s shorter in the coaxial cable 56 with
the disconnection compared with in the coaxial cable 56
without the disconnection. Accordingly, it 1s possible to
determine the presence or absence ol disconnection by
viewing the period of time. The abnormality detection
method by the abnormality detection unit 152A 1s not
limited to the above-described example, and may employ
any different method.

The abnormality detection unit 152 A determines the pres-
ence or absence ol an abnormality for each of the N
reception signals, and outputs the number of times of the
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abnormality determination (heremnafter, referred to as an
abnormality occurrence number) as detected abnormality
information. In the ultrasonic endoscope apparatus 10, 1t 1s
possible to use not only one ultrasonic endoscope 12, but
also, to use a plurality of ultrasonic endoscopes 12 1n a
switchable manner. Although the plurality of ultrasonic
endoscopes 12 are the same model, there are individual
differences. Further, there 1s a difference 1n characteristics
such as reception sensitivity of the ultrasonic endoscope 12
even 1n the same model. Accordingly, 1t 1s preferable that a
determination criterion for determiming that the abnormality
detection umt 152A 1s abnormal 1s not common to all the
ultrasonic endoscopes 12 capable of being connected to the
main body, and 1s individually determined for each ultra-
sonic endoscope 12.

The storage control umit 152B stores abnormality infor-
mation output from the abnormality detection unit 152A 1n
a ROM 1nside the system controller 152 1n association with
time 1information and i1dentification mformation of the ultra-
sonic endoscope 12 connected to the main body. The time
information 1s information indicating a point in time when
an abnormality 1s detected, which 1s the date and time when
the abnormality information 1s output from the abnormality
detection unit 152A, for example. Heremafter, the abnor-
mality imnformation stored 1in the ROM and corresponding
time information are collectively referred to as abnormality
log information.

In a case where the ultrasonic endoscope 12 1s connected
to the main body, the storage control unit 152B may acquire
identification information from the ultrasonic endoscope 12,
and may recognize the identification information of the
ultrasonic endoscope 12. In this way, in a case where a
plurality of ultrasonic endoscopes 12 are used, abnormality
log mnformation of each different ultrasonic endoscope 12 1s
stored 1n the ROM.

The failure prediction unit 152C predicts a failure timing
of the ultrasonic endoscope apparatus 10 on the basis of a
plurality of pieces of abnormality log information corre-
sponding to each identification information stored in the
ROM by the storage control unit 152B.

FIG. 6 1s a graph showing an example of abnormality log
information corresponding to unspecified i1dentification
information. In FIG. 6, a lateral axis represents time infor-
mation included in abnormality log information and a lon-
gitudinal axis represents abnormality immformation (abnor-
mality occurrence number) included 1n the abnormality log
information. A threshold value TH2 shown in FIG. 6 1s a
lower limit value of the abnormality occurrence number
capable of determining that the ultrasonic endoscope 12 1s 1n
failure.

In the ultrasonic endoscope apparatus 10, even 1n a case
where an abnormality occurs 1n a reception signal of the
ultrasonic vibrator 48, 1n generating an ultrasound image,
the reception signal may be interpolated by a reception
signal of the ultrasonic vibrator 48 around the ultrasonic
vibrator 48 to thus be corrected. For example, an abnormal-
ity occurrence number in a case where the quality of the
ultrasound 1mage cannot be ensured by such correction may
be set as the threshold value TH2.

For example, 1n a case where there 1s almost no change 1n
an abnormality occurrence number based on the abnormality
log information (for example, in a case where the size of an
inclination of an approximate straight line obtained from the
abnormality log information by the least squares method 1s
equal to or smaller than a predetermined value), the failure
prediction unit 152C determines that a date obtained by
adding a service life 1 normal use set 1 the ultrasonic
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endoscope 12 to a date based on the oldest time mnformation
included in the abnormality log information as a failure
timing at which failure of the ultrasonic endoscope 12
OCCUrs.

For example, in a case where a large increase tendency 1s
observed 1n the abnormality occurrence number based on the
abnormality log information (for example, in a case where
the inclination of the approximate straight line exceeds the
predetermined value), on the basis of the increase tendency,
the failure prediction unit 152C determines a timing (failure
timing 1n FIG. 6) at which the abnormality occurrence
number will reach the threshold value TH2 1n the future (at
which the ultrasonic endoscope 12 will fail) 1n a case where
a usage frequency and a usage way until a current time point
are continued.

The failure prediction unit 152C outputs the failure timing,
of the ultrasonic endoscope 12 determined as described
above as a prediction result.

The notification control unit 152D shown in FIG. 5
performs a notification process based on the prediction result
of the failure prediction unit 152C. For example, the noti-
fication control unit 152D sets a timing before a predeter-
mined period of the failure timing 1ndicated by the predic-
tion result as a recommended maintenance timing, and
displays a message indicating the recommended mainte-
nance timing on the monitor 20 to notify a user of the
recommended maintenance timing. Content of the message
may be the failure timing itself, or may indicate a remaining,
period until failure.

The notification control unit 152D may output the mes-
sage through a speaker (not shown) provided in the ultra-
sonic endoscope apparatus 10, instead of displaying the
message on the monitor 20, Alternatively, the notification
control unit 152D transmits the message to an external
clectronic device connected to the ultrasonic endoscope
apparatus 10 to notily an administrator or the user of the
ultrasonic endoscope apparatus 10 of the recommended
maintenance timing.,

FIG. 7 1s a flowchart for illustrating an operation of the
tailure prediction process of the system controller 152. First,
the abnormality detection unit 152A sequentially drives the
N ultrasonic vibrators 48, sequentially transmits ultrasonic
waves from the respective N ultrasonic vibrators 48, and
acquires a reception signal of retlected waves of the ultra-
sonic waves from each ultrasonic vibrator 48 (step S1).

Then, the abnormality detection unit 152A detects an
abnormality that occurs in the ultrasonic endoscope 12 on
the basis of each of the N reception signals acquired 1n step
S1, and outputs the abnormality occurrence number as
abnormality information (step S2).

Then, the storage control unit 152B stores the abnormality
information output from the abnormality detection unit
152A 1n the ROM 1n association with time information at a
current point in time and identification mmformation (here-
inafter, referred to as 1dentification mformation ID1) of the
ultrasonic endoscope 12 connected to the main body (step
S3).

Then, the failure prediction unit 1520 predicts a failure
timing of the ultrasonic endoscope 12 having identification
information ID1 connected to the main body, on the basis of
the entire abnormality log information (abnormality infor-
mation and time information) corresponding to the identi-
fication information ID1 stored in the ROM (step S4).

In a case where the failure timing 1s predicted 1n step S4,
the notification control unit 152D performs the notification
process based on the prediction result (step S5). The above-
described series of processes are performed whenever the
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ultrasonic endoscope 12 1s connected to the main body, for
example. Further, as the abnormality log information stored
in the ROM increases, the prediction accuracy of the failure
timing 1s also improved.

As described above, according to the ultrasonic endo-
scope apparatus 10, 1t 1s possible to predict the failure timing
of the ultrasonic endoscope 12 on the basis of a history of the
abnormality occurrence number detected on the basis of the
reception signals of the ultrasonic vibrators 48 of the ultra-
sonic endoscope 12. Thus, 1t 1s possible to predict the failure
timing, to thereby propose an appropriate maintenance tim-
ing to the user. As a result, for example, 1t 1s possible to
expect execution ol maintenance betfore failure occurs, and
to lengthen the life of the ultrasonic endoscope 12. Further,
in a case where the abnormality occurrence number does not
increase, 1t 1s possible to postpone the maintenance timing,
and to reduce the number of maintenances to reduce a period
of time during which the ultrasonic endoscope 12 cannot be
used.

In this embodiment, a configuration in which the abnor-
mality detection unit 152A outputs an abnormality occur-
rence number as abnormality information has been
described. As a modification thereot, the abnormality detec-
tion unit 152 A calculates an abnormality occurrence rate that
1s a ratio of the abnormality occurrence number to N or an
abnormality non-occurrence rate that 1s a ratio of (N-ab-
normality occurrence number) to N, and may output the
result as abnormality information. In this case, the failure
prediction unit 152C may predict, in a case where the
abnormality occurrence rate tends to increase, a failure
timing based on the increase tendency. Further, in a case
where the failure non-occurrence rate tends to decrease, the
failure prediction unit 152C may predict the failure timing
based on the decrease tendency.

The abnormality detection unit 152A, the storage control
umt 1528, the failure prediction unit 152C, and the notifi-
cation control unit 152D of the system controller 152 may be
configured to be provided in a processor included in the
endoscope processor device 16. In this configuration, the
failure prediction system of the ultrasonic endoscope appa-
ratus 1s configured by the processor included in the endo-
scope processor device 16.

Alternatively, among the functional blocks of the system
controller 152, the failure prediction unit 152C and the
notification control umt 152D may be provided 1n a proces-
sor included 1n an external device such as an external server
connectable to the ultrasonic endoscope apparatus 10. In this
configuration, the storage control unit 152B of the system
controller 152 may transmit abnormality log information
and 1dentification information to the external device, so that
the abnormality log information and the identification infor-
mation may be stored in a database in the external device.

Thus, the processor of the external device can predict the
failure tuming for each ultrasonic endoscope 12 specified by
the 1dentification information on the basis of the abnormality
log information stored in the database. Further, according to
this configuration, 1t 1s possible to cope with a case where
one ultrasonic endoscope 12 1s used by a plurality of
ultrasonic endoscope apparatuses 10 as 1n a large hospital or
the like. In this configuration, the system controller 152 of
the ultrasonic processor device 14 and the processor of the
external device configure the failure prediction system of the

ultrasonic endoscope apparatus.
Herematter, modification examples of the ultrasonic
endoscope apparatus 10 will be described.

First Modification Example

FIG. 8 1s a diagram showing functional blocks of the
system controller 152 1n the ultrasonic endoscope apparatus
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10 according to a first modification example. A processor of
the system controller 152 shown in FIG. 8 executes the
failure prediction program for the ultrasonic endoscope
apparatus to function as an abnormality detection unit 152a,
a storage control unit 1525, a failure prediction unit 152c,
and a notification control unit 1524. The failure prediction
process 15 executed by the functional blocks. In the first
modification example, the system controller 152 forms the
tailure prediction system of the ultrasonic endoscope appa-
ratus.

The abnormality detection unit 152a performs a process
of controlling each of the N ultrasonic vibrators 48 so as not
to transmit ultrasonic waves, selecting the N ultrasonic
vibrators 48 one by one, and acquiring a reception signal of
the selected ultrasonic vibrator 48. In this process, among a
period during which each ultrasonic vibrator 48 1s driven in
a control sequence of the ultrasonic vibrator unit 46 1n a case
where an ultrasound 1mage corresponding to one frame 1s
acquired 1 a live mode or the like, and a period during
which a reception signal thereafter i1s output, the former
period 1s replaced with a period during which each ultra-
sonic vibrator 48 1s not driven. Further, 1n this process, 1 a
period during obtaimned by combining the period during
which the ultrasonic vibrator 48 1s not driven and a subse-
quent output period, a reception signal output from the
ultrasonic vibrator 48 1s acquired. The abnormality detection
unit 152a detects an abnormality of the ultrasonic endoscope
apparatus 10 on the basis of the N reception signals acquired
from the respective ultrasonic vibrators 48 in this way.

The abnormality of the ultrasonic endoscope apparatus 10
of the first modification example refers to noise mixture in
a reception signal caused by various factors such as an
abnormality of a device included 1n the ultrasonic endoscope
12 or an abnormality of a device of a power source or the
like 1n the main body of the ultrasonic endoscope apparatus
10,

FIG. 9 1s a diagram showing an example of a reception
signal acquired 1n a case where ultrasonic waves are not
transmitted. As shown in FIG. 9, the abnormality detection
unit 152a performs the above-described process, so that
reception signals are acquired 1n the order of a period T1, a
pertod T2, a period T3, and so on. The length of a period
during which each reception signal 1s output 1s the same as
a length obtained by combining the period during which
cach ultrasonic vibrator 48 i1s driven 1n the control sequence
for generating an ultrasound image and the period during
which the reception signal thereafter 1s output. In a case
where no abnormality occurs in the ultrasonic endoscope
apparatus 10, as shown 1n FIG. 9, each of the N reception
signals 1s 1n a stable state at a low level.

However, 1n a case where an abnormality occurs in the
ultrasonic endoscope apparatus 10, as shown n FIG. 10, a
state where a noise signal SG of a level that exceeds a
predetermined threshold value TH3 1s included 1n a recep-
tion signal occurs.

The abnormality detection unit 152a determines whether
or not each of the N reception signals acquired 1n a state
where ultrasonic waves are not transmitted includes the
noise signal SG that exceeds the threshold value TH3, sets
the number of reception 31gnals for which 1t 1s determmed
that the noise signal SG 1s included as an abnormality
occurrence number, and outputs information on the abnor-
mality occurrence number as information on the detected
abnormality. The threshold value TH3 forms a first threshold
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It 1s preferable that the threshold value TH3 i1s not
common to all the ultrasonic endoscopes 12 connectable to
the main body and 1s individually determined for each

ultrasonic endoscope 12.

The storage control unit 15256 shown in FIG. 8 stores
abnormality information output from the abnormality detec-
tion unit 1524 1n a ROM 1nside the system controller 152 in
association with time information and identification infor-
mation of the ultrasonic endoscope 12 connected to the main
body. The time information 1s information indicating a time
point when an abnormality 1s detected by the abnormality
detection unit 152a, for example, which 1s the date and time
when the abnormality information 1s output from the abnor-
mality detection unit 152q. In this modification example,
similarly, abnormality information stored in the ROM and
corresponding time information are collectively referred to
as abnormality log information.

In a case where the ultrasonic endoscope 12 1s connected
to the main body, the storage control unit 1525 shown in
FIG. 8 may acquire identification information from the
ultrasonic endoscope 12, and may recognize the identifica-
tion information of the ultrasonic endoscope 12. In this way,
in a case where a plurality of ultrasonic endoscopes 12 are
used, abnormality log information of each different ultra-
sonic endoscope 12 1s stored 1n the ROM.

The failure prediction unit 152¢ shown i FIG. 8 predicts
a Tailure timing of the ultrasonic endoscope apparatus 10 on
the basis of a plurality of pieces of abnormality log infor-
mation corresponding to each piece of i1dentification nfor-
mation stored in the ROM by the storage control unit 1525.

FIG. 11 1s a graph showing an example of abnormality log
information corresponding to unspecified 1dentification
information. In FIG. 11, a lateral axis represents time
information included in abnormality log information and a
longitudinal axis represents abnormality information (abnor-
mality occurrence number) included 1n the abnormality log
information. A threshold value TH4 shown 1 FIG. 11 15 a
lower limit value of the abnormality occurrence number
capable of determining that the ultrasonic endoscope appa-
ratus 10 1s 1n failure.

In the ultrasonic endoscope apparatus 10, even 1n a case
where noise 1s mixed in a reception signal of the ultrasonic
vibrator 48, 1t 1s possible to perform noise elimination for
climinating the noise in generating an ultrasound 1image. For
example, an abnormality occurrence number in a case where
the quality of an ultrasound 1mage cannot be ensured by the
above-described noise elimination 1s set as a threshold value
THA4.

For example, 1n a case where there 1s almost no change 1n
an abnormality occurrence number based on the abnormality
log information (for example, 1n a case where an inclination
of an approximate straight line of the abnormality occur-
rence number obtained from the abnormality log informa-
tion by the least squares method 1s equal to or smaller than
a predetermined value), the failure prediction unit 152c¢
determines that a date obtained by adding a service life 1n
normal use set 1n the ultrasonic endoscope 12 to a date based
on the oldest time information included in the abnormality
log information as a failure timing at which failure of the
ultrasonic endoscope 12 occurs. Further, the failure predic-
tion unit 152¢ determines a timing obtained by adding a time
obtained by subtracting an accumulated usage time at a
current time point of the ultrasonic endoscope apparatus 10
from an accumulated usable time in normal use that is
determined 1n advance with respect to the ultrasonic endo-
scope apparatus 10 (a usable time until maintenance 1s
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necessary) to the current time point, as a failure timing at
which failure of the main body of the ultrasonic endoscope
apparatus 10 occurs.

For example, 1n a case where there 1s a large increase
tendency in the abnormality occurrence number based on the
abnormality log information (for example, in a case where
the inclination of the approximate straight line exceeds the
predetermined value), on the basis of the increase tendency,
the failure prediction unit 152¢ determines a timing (failure
timing in FIG. 11) at which the abnormality occurrence
number will reach the threshold value TH4 1n the future (at
which the ultrasonic endoscope apparatus 10 will fail) 1n a
case where a usage Ifrequency and a usage way up to a
current time point are continued.

The failure prediction unit 152¢ outputs the failure timing
of the ultrasonic endoscope apparatus 10 determined as
described above as a prediction result.

The notification control umit 1524 shown in FIG. 8
performs a notification process based on the prediction result
of the failure prediction unit 152¢. For example, the notifi-
cation control unit 1524 sets a timing before a predetermined
period of the failure timing indicated by the prediction result
as a recommended maintenance timing, and displays a
message 1ndicating the recommended maintenance timing,
on the monitor 20 to notily the user of the recommended
maintenance timing of the ultrasonic endoscope apparatus
10. Content of the message may be the failure timing 1itself,
or may indicate a remaining period until failure. The noti-
fication control unit 1524 may output the message through
a speaker shown) provided in the ultrasonic endoscope
apparatus 10, mnstead of displaying the message on the
monitor 20. Alternatively, the notification control unit 1524
transmits the message to an external electronic device con-
nected to the ultrasonic endoscope apparatus 10 to notify an
administrator or the user of the ultrasonic endoscope appa-
ratus 10 of the recommended maintenance timing.

FI1G. 12 1s a flowchart for illustrating an operation of the
fallure prediction process of the system controller 152
shown 1 FIG. 8. First, the abnormality detection unit 152q
controls the N ultrasonic vibrators 48 1n a state where
ultrasonic waves are not transmitted, and sequentially
acquires reception signals from the respective N ultrasonic
vibrators 48 (step S11).

Then, the abnormality detection unit 152a detects an
abnormality that occurs 1n the ultrasonic endoscope appa-
ratus 10 on the basis of each of the N reception signals
acquired 1 step S11, and outputs the abnormality occur-
rence number as abnormality information (step S12).

Then, the storage control unit 1525 stores the abnormality
information output abnormality detection unit 1524 1n the
ROM 1n association with time information at a current time
point and 1dentification information (hereinatter, referred to
as 1dentification information 1D2) of the ultrasonic endo-
scope 12 connected to the main body (step S13).

Then, the failure prediction unit 152¢ predicts a failure
timing of the ultrasonic endoscope apparatus 10 on the basis
of the entire abnormality log information (abnormality infor-
mation and time information) corresponding to the identi-
fication information ID2 stored 1in the ROM (step S14).

In a case where the failure timing 1s predicted 1n step S14,
the notification control unit 1524 performs the notification
process based on the prediction result (step S15). The
above-described series of processes are performed whenever
time the ultrasonic endoscope 12 1s connected to the main
body, for example. Further, as the abnormality log informa-
tion stored 1n the ROM 1increases, the prediction accuracy of
the failure timing 1s also improved.
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As described above, according to the ultrasonic endo-
scope apparatus 10 of the first modification example, it 1s
possible to predict a failure timing of the ultrasonic endo-
scope apparatus 10 on the basis of a history of the abnor-
mality occurrence number detected on the basis of the
reception signals of the ultrasonic vibrators 48 of the ultra-
sonic endoscope 12. Thus, 1t 15 possible to predict the failure
timing, to thereby propose an appropriate maintenance tim-
ing to the user. As a result, for example, 1t 1s possible to
expect execution of maintenance before failure occurs, and
to lengthen the life of the ultrasonic endoscope apparatus 10.
Further, 1n a case where the abnormality occurrence number
does not increase, it 1s possible to postpone the maintenance
timing, and to reduce the number of maintenances to reduce
a period of time during which the ultrasonic endoscope 12
or the main body cannot be used.

In the first modification example, a configuration 1n which
the abnormality detection unit 1524 acquires a reception
signal of each of the N ultrasonic vibrators 48 in a state
where ultrasonic waves are not transmitted has been
described, but the invention 1s not limited thereto. A con-

figuration in which the abnormality detection unit 152q
acquires reception signals from at least two ultrasonic vibra-
tors 48 among the N ultrasonic vibrators 48 1n a state where
ultrasonic waves are not transmitted and determines an
abnormality on the basis of the acquired reception signals
may be employed. In this case, similarly, 1t 1s possible to
determine whether or not an abnormality occurrence number
tends to increase on the basis of a history of abnormality
information. Thus, 1t 1s possible to predict a failure timing.

Further, 1n the first modification example, a configuration
in which the abnormality detection unit 152a outputs the
number of reception signals (first number) including signals
having a level that exceeds the threshold value TH3 among
the N reception signals as abnormality information has been
described. As a modification example thereof, a configura-
tion 1n which the abnormality detection umt 152a calculates
an abnormality occurrence rate that 1s a ratio of the first
number to N or an abnormality non-occurrence rate that 1s
a ratio ol (N-(first number)) to N and outputs the result as
abnormality information may be employed. In this case, 1n
a case where the abnormality occurrence rate tends to
increase, the failure prediction unit 152¢ 1s able to predict a
failure timing based on the increase tendency. Further, 1n a
case where the failure non-occurrence rate tends to decrease,
the failure prediction unit 152¢ 1s able to predict a failure
timing based on the decrease tendency.

Second Modification Example

Functional blocks of the system controller 152 in the
ultrasonic endoscope apparatus 10 according to a second
modification example are the same as i FIG. 8, but the
functions of the abnormality detection unit 1524 and the
fallure prediction umit 152¢ are partially different. In the
second modification example, similarly, the system control-
ler 152 configures a failure prediction system of the ultra-
sonic endoscope apparatus.

The abnormality detection unit 1524 1n the second modi-
fication example 1s the same as that 1n the first modification
example 1 view of detection of an abnormality of the
ultrasonic endoscope apparatus 10 on the basis of N recep-
tion signals in a state where ultrasonic waves are not
transmitted, acquired as described 1n the first modification
example, but 1ts abnormality determination method 1s dii-
ferent from that 1n the first modification example.
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FIG. 13 1s a diagram showing an example of a reception
signal acquired 1n a case where ultrasonic waves are not
transmitted. Noise may be superimposed on the reception
signal as a whole depending on a cause of an abnormality of
the ultrasonic endoscope apparatus 10, and there 1s a case
where an average level of the reception signals increases
compared with the state of FIG. 9, as shown 1n FIG. 13.
Further, 1n a case where the average level becomes too high
(for example, reaches a predetermined threshold value
THS), there 1s a possibility that the quality of an ultrasound
image may not be maintained. Thus, the abnormality detec-
tion unit 152aq 1n the second modification example calculates
an average level of N reception signals, determines that there
1s an abnormality 1n a case where the average level exceeds
a predetermined threshold value TH6 (here, a value smaller
than the threshold value THS), and determines that there 1s
no abnormality 1n a case where the average level 1s equal to
or smaller than the threshold value THS6.

Further, 1n a case where 1t 1s determined that there 1s the
abnormality, the abnormality detection unit 1524 outputs the
average level of the N reception signals as abnormality
information. The threshold value TH6 configures a second
threshold value. It 1s preferable that the threshold value TH6
1s not common to all the ultrasonic endoscopes 12 connect-
able to the main body but 1s determined 1individually for each
ultrasonic endoscope 12.

The failure prediction unit 152¢ in the second modifica-
tion example predicts occurrence of a failure of the ultra-
sonic endoscope apparatus 10 on the basis of a plurality of
pieces of abnormality log information corresponding to each
piece of identification information stored in the ROM by the
storage control umt 1525.

FI1G. 14 1s a graph showing an example of abnormality log
information corresponding to unspecified 1dentification
information. In FIG. 14, a lateral axis represents time
information included 1n abnormality log information, and a
longitudinal axis represents abnormality information (aver-
age level of N reception signals) included 1n the abnormality
log information. The threshold value THS shown 1n FI1G. 14
1s a lower limit value of the average level capable of
determining that the ultrasonic endoscope apparatus 10 1s 1n
failure.

For example, in a case where there 1s almost no change in
an average level based on the abnormality log information
(for example, 1n a case where an 1nclination of an approxi-
mate straight line of the average level obtained from the
abnormality log information by the least squares method 1s
equal to or smaller than a predetermined value), the failure
prediction unit 152¢ in the second modification example
determines that a date obtained by adding a service life 1n
normal use set 1 the ultrasonic endoscope 12 to a date based
on the oldest time information included in the abnormality
log information as a failure timing at which failure of the
ultrasonic endoscope 12 occurs. Further, the failure predic-
tion unit 152¢ determines a timing obtained by adding a time
obtained by subtracting an accumulated usage time at a
current time point of the ultrasonic endoscope apparatus 10
from an accumulated usable time in normal use that is
determined 1n advance with respect to the ultrasonic endo-
scope apparatus 10 (a usable time until maintenance 1s
necessary) to the current time point, as a failure timing at
which failure of the main body of the ultrasonic endoscope
apparatus 10 occurs.

Further, for example, 1n a case where there 1s a large
increase tendency in the average level based on the abnor-
mality log information (for example, 1n a case where the
inclination of the approximate straight line exceeds the
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predetermined value), on the basis of the increase tendency,
the failure prediction unit 152¢ determines a timing (failure
timing 1 FI1G. 14) at which the average level will reach the
threshold value THS 1n the future (at which the ultrasonic
endoscope apparatus 10 will fail) 1n a case where a usage
frequency and a usage way up to a current time point are
continued.

The failure prediction unit 152¢ outputs the failure timing
of the ultrasonic endoscope apparatus 10 determined as
described above as a prediction result.

FIG. 15 1s a flowchart for illustrating a failure prediction
process of the system controller 152 1n the ultrasonic endo-
scope apparatus 10 according to the second modification
example. First, the abnormality detection unit 152a controls
the N ultrasonic vibrators 48 in a state where ultrasonic
waves are not transmitted, and sequentially acquires recep-
tion signals from the respective N ultrasonic vibrators 48
(step S21).

Then, the abnormality detection unit 152a detects an
abnormality that occurs 1n the ultrasonic endoscope appa-
ratus 10 on the basis of an average level of the N reception
signals acquired 1n step S21, and outputs the average level
of the N reception signals as abnormality information 1n a
case where 1t 1s determined that there 1s the abnormality
(step S22).

Then, the storage control unit 1525 stores the abnormality
information output from the abnormality detection unit 1524
in the ROM 1n association with time information at a current
time pomnt and i1dentification information (hereinafter,
referred to as identification imnformation I1D3) of the ultra-
sonic endoscope 12 connected to the main body (step S23).

Then, the failure prediction unit 152¢ predicts a failure
timing of the ultrasonic endoscope apparatus 10 on the basis
of the entire abnormality log information (abnormality infor-
mation and time information) corresponding to the identi-
fication information ID3 stored 1n the ROM (step S24).

In a case where the failure timing 1s predicted 1n step S24,
the notification control unmit 1524 performs a notification
process based on the prediction result (step S25). The
above-described series of processes are performed whenever
time the ultrasonic endoscope 12 1s connected to the main
body, for example. Further, as the abnormality log informa-
tion stored 1n the ROM increases, the prediction accuracy of
the failure timing 1s also improved.

As described above, according to the ultrasonic endo-
scope apparatus 10 of the second modification example, 1t 1s
possible to predict a failure timing of the ultrasonic endo-
scope apparatus 10 on the basis of a history of the average
level of the reception signals of the ultrasonic vibrators 48
of the ultrasonic endoscope 12. Thus, 1t 1s possible to predict
a failure timing, and to provide an appropriate maintenance
timing to the user. As a result, for example, it 1s possible to
expect execution of maintenance before failure occurs, and
to lengthen the life of the ultrasonic endoscope apparatus 10.
Further, in a case where the average level of the reception
signals does not increase, it 1s possible to postpone the
maintenance timing, and to reduce the times of mainte-
nances to reduce a period of time during which the ultrasonic
endoscope 12 or the main body cannot be used.

In the second modification example, a configuration 1n
which the abnormality detection unit 152a acquires a recep-

tion signal from each of the N ultrasonic vibrators 48 1n a
state where ultrasonic waves are not transmitted has been
described, but the invention i1s not limited thereto. The
abnormality detection umt 152a acquires a reception signal
from at least one ultrasonic vibrator 48 among the N
ultrasonic vibrators 48 1n a state where ultrasonic waves are
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not transmitted, and may determine an abnormality on the
basis of the magnitude of the average level of the acquired
reception signals. In this case, similarly, 1t 1s possible to
determine whether or not noise superimposed on a reception
signal tends to increase as a whole on the basis of a history
of abnormality information. Accordingly, 1t 1s possible to
predict a failure timing.

The respective functional blocks of the system controller
152 in the first modification example and the second modi-
fication example may be configured to be provided 1n a
processor included in the endoscope processor device 16.
Alternatively, among the functional blocks of the system
controller 152, the failure prediction umt 152¢ and the
notification control unit 1524 may be configured to be
provided 1n a processor included 1n an external device such
as an external server that 1s connectable to the ultrasonic
endoscope apparatus 10.

As described above, the following content 1s disclosed 1n
this specification.

(1) A failure prediction system of an ultrasonic endoscope
apparatus comprising;

an abnormality detection unit that acquires a reception
signal of an ultrasonic vibrator of an ultrasonic endo-
scope and detects an abnormality of the ultrasonic
endoscope apparatus including the ultrasonic endo-
scope on the basis of the reception signal;

a storage control unit that stores information on the
abnormality detected by the abnormality detection unit
1n association with time information; and

a Tailure prediction unit that predicts a failure timing of
the ultrasonic endoscope apparatus on the basis of a
plurality of pieces of the abnormality information
stored by the storage control unit and the time infor-
mation corresponding to the plurality of pieces of
abnormality information.

(2) The failure prediction system of the ultrasonic endo-

scope apparatus according to (1),

wherein the abnormality detection unit acquires the recep-
tion signal of the ultrasonic vibrator in a state where
ultrasonic waves are not transmitted from the ultrasonic
vibrator, and detects the abnormality on the basis of the
reception signal.

(3) The failure prediction system of the ultrasonic endo-

scope apparatus according to (2),

wherein the abnormality detection unit acquires the recep-
tion signal of each of a plurality of the ultrasonic
vibrators included in the ultrasonic endoscope, deter-
mines that there 1s the abnormality 1n a case where the
reception signal including a signal of a level that
exceeds a predetermined first threshold value 1s pres-
ent, and outputs a first number of the reception signals
including the signal of the level that exceeds the first
threshold value, a ratio of the first number to a second
number of the plurality of ultrasonic vibrators, or a ratio
of a number obtained by subtracting the first number
from the second number to the second number, as the
abnormality information.

(4) The failure prediction system of the ultrasonic endo-

scope apparatus according to (2),

wherein the abnormality detection unit determines that
there 1s the abnormality 1n a case where an average
level of the reception signals exceeds a predetermined
second threshold value, and outputs the average level
as the abnormality information.

(5) The failure prediction system of the ultrasonic endo-

scope apparatus according to (1),
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wherein the abnormality detection unit acquires the recep-
tion signal of the ultrasonic vibrator that receives
reflected waves of ultrasonic waves transmitted from
all the ultrasonic vibrators included in the ultrasonic
endoscope, and detects the abnormality of the ultra-
sonic endoscope on the basis of the reception signal.

(6) The failure prediction system of the ultrasonic endo-
scope apparatus according to any one of (1) to (5),

wherein the abnormality detection unit detects the abnor-
mality in a period during which the ultrasonic endo-
scope 1s not used.

(7) The failure prediction system of the ultrasonic endo-
scope apparatus according to any one of (1) to (6),

wherein the storage control unit stores the abnormality
information 1n association with identification informa-
tion of the ultrasonic endoscope, and

wherein the failure prediction unit predicts the failure
timing of the ultrasonmic endoscope specified by the
identification information on the basis of the abnormal-
ity information corresponding to the identification
information and the time information.

(8) The failure prediction system of the ultrasonic endo-
scope apparatus according to any one of (1) to (7), further
comprising;

a notification control unit that performs a notification
process based on a prediction result of the failure
prediction unit.

(9) The failure prediction system of the ultrasonic endo-

scope apparatus according to any one of (1) to (8),
wherein the abnormality detection unit, the storage con-
trol unit, and the failure prediction unit are provided in
a main body of the ultrasonic endoscope apparatus.

(10) The failure prediction system of the ultrasonic endo-
scope apparatus according to any one of (1) to (8),

wherein the abnormality detection unit and the storage
control unit are provided 1n a main body of the ultra-
sonic endoscope apparatus, and

wherein the failure prediction unit 1s provided in an
external device connectable to the ultrasonic endoscope
apparatus.

(11) A failure prediction method of an ultrasonic endo-

scope apparatus, comprising;:

an abnormality detection step ol acquiring a reception
signal of an ultrasonic vibrator of an ultrasonic endo-
scope and detecting an abnormality of the ultrasonic
endoscope apparatus including the ultrasonic endo-
scope on the basis of the reception signal;

a storage control step of storing information on the
abnormality detected in the abnormality detection step
1n association with time information; and

a failure prediction step of predicting a failure timing of
the ultrasonic endoscope apparatus on the basis of a
plurality of pieces of the abnormality information
stored 1n the storage control step and the time infor-
mation corresponding to the plurality of pieces of
abnormality information.

(12) Anon-transitory computer readable recording
medium storing a failure prediction program of an ultrasonic
endoscope apparatus, for causing a computer to execute:

an abnormality detection step of acquiring a reception
signal of an ultrasonic vibrator of an ultrasonic endo-
scope and detecting an abnormality of the ultrasonic
endoscope apparatus including the ultrasonic endo-
scope on the basis of the reception signal;

a storage control step of storing information on the
abnormality detected in the abnormality detection step
1n association with time information:; and
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a Tailure prediction step of predicting a failure timing of
the ultrasonic endoscope apparatus on the basis of a
plurality of pieces of the abnormality information
stored 1n the storage control step and the time infor-
mation corresponding to the plurality of pieces of
abnormality information.

EXPLANAITION OF REFERENC.

L1
)

ultrasonic endoscope apparatus
ultrasonic endoscope
ultrasonic processor device
endoscope processor device
light source device

. monitor

a: water supply tank

b: suction pump

c: air supply pump

. 1sertion part

. operation part

: universal cord

a. air/water supply button

b: suction button

. treatment instrument nsertion port
a: ultrasound connector

. endoscope connector

c: light source connector
ultrasound observation part
balloon

endoscope observation part
distal end part

bending part

flexible part

treatment 1nstrument outlet
treatment instrument channel
ultrasonic vibrator unit
water supply port
ultrasonic vibrator
ultrasonic vibrator array
backing material layer
coaxial cable

FPC

acoustic matching layer
acoustic lens

observation window
objective lens

imaging element

: 1llumination window

0: console

0: multiplexer

2: reception circuit

4: transmission circuit

6: A/D converter

8: 1mage processing section
2: system controller

2A: abnormality detection unit
2a: abnormality detection unit
2B: storage control umit

2b: storage control unit

2C: failure prediction unit
2c¢: failure prediction unit
2D: notification control unit
2d: notification control unit

SG: noise signal

What 1s claimed 1s:
1. A non-transitory computer readable recording medium

storing a failure prediction program of an ultrasonic endo-
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scope apparatus including a momitor and an ultrasonic
endoscope having a plurality of ultrasonic vibrators arranged
in a convexly curved shape and a plurality of electrodes
respectively connected to each of the plurality of ultrasonic
vibrators, wherein the plurality of electrodes are connected
to a flexible printed circuit and a plurality of coaxial cables,
for causing a computer to execute:

a transmitting step of controlling the plurality of ultra-
sonic vibrators to sequentially transmit ultrasonic
waves respectively from each of the plurality of ultra-
sonic vibrators;

an abnormality detection step of acquiring a plurality of
reception signals of reflected waves of ultrasonic waves
from the plurality of ultrasonic vibrators and detecting
an abnormality of the ultrasonic endoscope apparatus
based on the plurality of the reception signals;

a storage control step of storing information on the
abnormality detected in the abnormality detection step
1n association with time information;

a failure prediction step of predicting a failure timing of
the ultrasonic endoscope apparatus based on a plurality
of pieces of the information on the abnormality stored
in the storage control step and the time information
corresponding to the plurality of pieces of the infor-
mation on the abnormality, the failure timing being a
date when an abnormality occurrence number will
reach a predetermined threshold in future; and

a notification step of maintaining the ultrasonic endoscope
by displaying a message indicating a recommended
maintenance timing of the ultrasonic endoscope based
on the predicted failure timing on the monitor to notity
a user of the recommended maintenance timing.

2. A tailure prediction system of an ultrasonic endoscope

apparatus, the failure prediction system comprising:

an ultrasonic endoscope apparatus having a monitor and
a plurality of ultrasonic vibrators arranged 1n a con-
vexly curved shape;
a plurality of electrodes respectively connected to each of
the plurality of ultrasonic vibrators, wherein the plu-
rality of electrodes are connected to a flexible printed
circuit and a plurality of coaxial cables; and
a processor configured to:
control the plurality of ultrasonic vibrators to sequen-
tially transmit ultrasonic waves respectively from
cach of the plurality of ultrasonic vibrators;

acquire a plurality of reception signals of reflected
waves ol ultrasonic waves from the plurality of
ultrasonic vibrators;

detect an abnormality of the ultrasonic endoscope appa-
ratus based on the plurality of the reception signals;

store information on the abnormality detected, 1n asso-
ciation with time information;

predict a failure timing of the ultrasonic endoscope
apparatus based on a plurality of pieces of the
information on the abnormality and the time infor-
mation corresponding to the plurality of pieces of the
information on the abnormality, the failure timing
being a date when an abnormality occurrence num-
ber will reach a predetermined threshold 1n future;
and

display a message indicating a recommended mainte-
nance timing of the ultrasonic endoscope based on
the predicted failure timing on the monitor to notity
a user of the recommended maintenance timing.

3. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 2,
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wherein the processor acquires the plurality of reception
signals of each of the plurality of ultrasonic vibrators 1n
a state where the ultrasonic waves are not transmitted
from the plurality of ultrasonic vibrators, and detects
the abnormality based on the plurality of reception
signals.

4. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 3,

wherein the processor acquires the plurality of reception
signals of each of the plurality of the ultrasonic vibra-
tors 1mcluded 1n the ultrasonic endoscope, determines
that there 1s the abnormality 1n a case where the
plurality of reception signals including a signal of a
level that exceeds a predetermined first threshold value
1s present, and outputs a first number of the plurality of
reception signals including the signal of the level that
exceeds the predetermined first threshold value, a ratio
of the first number to a second number of the plurality
of ultrasonic vibrators, or a ratio of a number obtained
by subtracting the first number from the second number
to the second number, as the information on the abnor-
mality.

5. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 4,

wherein the processor detects the abnormality 1n a period
during which the ultrasonic endoscope 1s not used, the
period during which the ultrasonic endoscope 1s not
used being at least one of

a pertod until an 1mspection starting instruction to the
ultrasonic endoscope 1s received,

a period during which a change 1n an endoscope 1mage
acquired from the ultrasonic endoscope 1s small,

a period during which an amount of motion of the
ultrasonic endoscope that i1s obtained from a motion
sensor provided 1n the ultrasonic endoscope 1s smaller
than a predetermined value, and

a period during which the ultrasonic endoscope apparatus
1s set to a maintenance mode 1n a case where the
maintenance mode 1s provided in the ultrasonic endo-
sCope apparatus.

6. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 4,

wherein the processor stores the information on the abnor-
mality 1n association with identification information of
the ultrasonic endoscope, and predicts the failure tim-
ing of the ultrasonic endoscope specified by the 1den-
tification information based on the information on the
abnormality corresponding to the identification infor-
mation and the time information.

7. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 3,

wherein the processor calculates an average level of the
plurality of the reception signals acquired from the
plurality of ultrasonic vibrators and determines that
there 1s the abnormality 1n a case where the average
level exceeds a predetermined second threshold value,
and outputs the average level as the information on the
abnormality.

8. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 7,

wherein the processor detects the abnormality 1n a period
during which the ultrasonic endoscope 1s not used, the
period during which the ultrasonic endoscope 1s not
used being at least one of

a pertod until an mspection starting instruction to the
ultrasonic endoscope 1s received,
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a period during which a change 1n an endoscope 1mage
acquired from the ultrasonic endoscope 1s small,

a period during which an amount of motion of the
ultrasonic endoscope that 1s obtained from a motion
sensor provided 1n the ultrasonic endoscope 1s smaller
than a predetermined value, and

a period during which the ultrasonic endoscope apparatus
1s set to a maintenance mode i1n a case where the
maintenance mode 1s provided in the ultrasonic endo-
scope apparatus.

9. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 7,

wherein the processor stores the information on the abnor-
mality 1n association with identification information of
the ultrasonic endoscope, and predicts the failure tim-
ing of the ultrasonic endoscope specified by the 1den-
tification imnformation based on the information on the
abnormality corresponding to the identification infor-
mation and the time information.

10. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 3,

wherein the processor detects the abnormality 1n a period
during which the ultrasonic endoscope 1s not used, the
period during which the ultrasonic endoscope i1s not
used being at least one of

a period until an 1nspection starting instruction to the
ultrasonic endoscope 1s received,

a period during which a change 1n an endoscope 1mage
acquired from the ultrasonic endoscope 1s small,

a period during which an amount of motion of the
ultrasonic endoscope that i1s obtained from a motion
sensor provided 1n the ultrasonic endoscope 1s smaller
than a predetermined value, and

a period during which the ultrasonic endoscope apparatus
1s set to a maintenance mode 1n a case where the
maintenance mode 1s provided in the ultrasonic endo-
scope apparatus.

11. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 3,

wherein the processor stores the information on the abnor-
mality 1n association with identification information of
the ultrasonic endoscope, and predicts the failure tim-
ing of the ultrasonic endoscope specified by the i1den-
tification information based on the information on the
abnormality corresponding to the identification infor-
mation and the time information.

12. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 2,

wherein the processor acquires the plurality of reception
signals of each of the plurality of ultrasonic vibrators
that receives the reflected waves of the ultrasonic
waves transmitted from all of the plurality of ultrasonic
vibrators included in the ultrasonic endoscope, and
detects the abnormality of the ultrasonic endoscope
apparatus based on the plurality of reception signals.

13. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 12,

wherein the processor detects the abnormality 1n a period
during which the ultrasonic endoscope 1s not used, the
period during which the ultrasonic endoscope 1s not
used being at least one of

a period until an inspection starting instruction to the
ultrasonic endoscope 1s received,

a period during which a change 1n an endoscope 1mage
acquired from the ultrasonic endoscope 1s small,

a period during which an amount of motion of the
ultrasonic endoscope that i1s obtained from a motion
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sensor provided in the ultrasonic endoscope 1s smaller
than a predetermined value, and

a period during which the ultrasonic endoscope apparatus
1s set to a maintenance mode 1n a case where the
maintenance mode 1s provided in the ultrasonic endo-
sCope apparatus.

14. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 2,

wherein the processor detects the abnormality 1n a period
during which the ultrasonic endoscope 1s not used, the
period during which the ultrasonic endoscope 1s not
used being at least one of

a period until an spection starting instruction to the
ultrasonic endoscope 1s received,

a period during which a change 1n an endoscope 1mage
acquired from the ultrasonic endoscope 1s small,

a period during which an amount of motion of the
ultrasonic endoscope that 1s obtained from a motion
sensor provided in the ultrasonic endoscope 1s smaller
than a predetermined value, and

a period during which the ultrasonic endoscope apparatus
1s set to a maintenance mode in a case where the
maintenance mode 1s provided in the ultrasonic endo-
sCope apparatus.

15. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 2,

wherein the processor stores the information on the abnor-
mality 1n association with identification information of
the ultrasonic endoscope, and predicts the failure tim-
ing of the ultrasonic endoscope specified by the 1den-
tification information based on the information on the
abnormality corresponding to the identification infor-
mation and the time information.

16. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 2,

wherein the processor 1s provided 1n a main body of the
ultrasonic endoscope apparatus.

17. The failure prediction system of the ultrasonic endo-

scope apparatus according to claim 2,
wherein the processor includes a first processor and a
second processor,
the first processor being configured to:
drive the plurality of ultrasonic vibrators to transmit the
ultrasonic waves,

acquire the plurality of reception signals of the reflected
waves ol the ultrasonic waves from each of the
plurality of ultrasonic vibrators,

detect the abnormality of the ultrasonic endoscope
apparatus including the ultrasonic endoscope based
on the plurality of reception signals,
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store the information on the abnormality which was
detected 1n association with the time information,
and

be provided in a main body of the ultrasonic endoscope
apparatus, and the second processor being config-
ured to:

predict the failure timing of the ultrasonic endoscope
apparatus based on the plurality of pieces of the
information on the abnormality and the time infor-
mation corresponding to the plurality of pieces of the
information on the abnormality, and

be provided 1n an external device connectable to the
ultrasonic endoscope apparatus.

18. A failure prediction method of the ultrasonic endo-
scope apparatus according to claim 2, the ultrasonic endo-
scope apparatus including the monitor and the ultrasonic
endoscope having the plurality of ultrasonic vibrators
arranged 1n the convexly curved shape and the plurality of
clectrodes respectively connected to each of the plurality of
ultrasonic vibrators, wherein the plurality of electrodes are
connected to the tlexible printed circuit and the plurality of
coaxial cables, comprising:

a transmitting step of controlling the plurality of ultra-
sonic vibrators to sequentially transmit the ultrasonic
waves respectively from each of the plurality of ultra-
sonic vibrators;

an abnormality detection step of acquiring the plurality of
reception signals of the reflected waves of the ultra-
sonic waves from the plurality of ultrasonic vibrators
and detecting the abnormality of the ultrasonic endo-
scope apparatus based on the plurality of the reception
signals;

a storage control step of storing the information on the
abnormality detected 1n the abnormality detection step
in association with the time information;

a failure prediction step of predicting the failure timing of
the ultrasonic endo scope apparatus based on the plu-
rality of pieces of the information on the abnormality
stored 1n the storage control step and the time infor-
mation corresponding to the plurality of pieces of the
information on the abnormality, the failure timing
being the date when the abnormality occurrence num-
ber will reach the predetermined threshold 1n the future;
and

a notification step of maintaining the ultrasonic endoscope
by displaying a message indicating the recommended
maintenance timing of the ultrasonic endoscope based
on the predicted failure timing on the monitor to notity
a user of the recommended maintenance timing.
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